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Root bark extract of Cudrania tricuspidata reduces LPS-induced

inflammation in macrophages of atherogenic mice
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[Abstract]

In this paper, we propose to evaluate the potential anti-inflammatory properties of root bark extract
of Cudrania (C.) tricuspidata on lipopolysaccharide (LPS)-induced inflaimmation in macrophages of
apolipoprotein E (ApoE) knockout (ApoE’) mice, murine model of atherosclerosis. Atherosclerosis is a
chronic vascular inflammatory disease. C. tricuspidata is a small tree of the Moraceae family and its
extract has anti-inflammatory activities. However, its role in the progress of atherosclerosis is not yet
clear. To determine anti-inflammatory effects of C. tricuspidata in atherogenesis, we applied LPS in
peritoneal macrophages of ApoE” mice and measured cell viability by CCK-8 and expression of
pro-inflammatory cytokines by qRT-PCR following treatment with root bark extract of C. tricuspidata.
Research data was expressed as differences between the cells treated with LPS and root bark extract
and the cells treated with LPS alone (control) by a two-tailed non-parametric Mann—Whitney U-test
using GraphPad Instat program. No cytotoxic effect was observed when the cells were treated with the
extract at concentrations < 100 gg/mL. The expression of inflammatory cytokines, including MCP-1,
IL-1B, IFN-y, TNF-a, and IL-6 were inhibited by the extract. These results indicated that the extract

has an anti-inflammatory effect and therefore a possible role in the treatment of atherosclerosis.

» Key words: Cudrania tricuspidata, Lipopolysaccharide, Inflammation, Peritoneal macrophage,
Atherosclerosis
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I. Introduction

MW7 AgHcardiovascular disease)2 A AlA At
LA 1945 ARlshe Agtoz, A7 World

Health Organization)?] FAAt=0] T2H o] Agtoz
OISt AP A AFYQ] 30% o)A} AFX|oH= 7102 FAL
Sl OgEAQ AEdA dAgtozs wtew Agt

(coronary artery disease), XZ&Z(cerebrovascular
disease), AlEA(heart failure) DIPA AAAEH

(hypertensive heart disease) 5©0] =0, o] o]
W™ Aghy HE550] HA AFuA Aol ofsh A
T o2 AFAISHL ITH 1, 2], Sejyete A S
Aretet uFstz Qlsto] AGHA At ofsh AlYE
o] 10 Al O8] &3] F7sk= FA00 =, 20199
A7 Atmofl oJstH <tof] o]o] & BIM|Z =2 AFEQ!
o] &1L ITH3].
=MASIE(atherosclerosis)e dH
349 #%(atheroma)o] 79 555 HO%H%}OEI XN
Mrtads s B AR, g 2e]
e 5771 8 dQlor dEA 4] &
Y 1A dRf=E AL A HHE (low-density
lipoprotein, LDL)9] 57}, HITF 2 Tk, 1Y, &
Al 8:2]7|(Free radical) 3712 9QIgh AlStAEH A,
A 23, 719 5ol gliu, ol2 s} B AL} 7]
S7goN7E R0} FMFe T AJAFEHOS]. tlRARl 7]
SHolEE WAt ok YujAzo] RAMdab LDLat
Ui o] ojgh Wi Fap/do] S7tshe A, oleh 2
UmAlze] 7]57ole e WSl AR d5A1E
=9 FAE 4 QJUr[(S] el 27 sHge By
ol Ul Fast A2 she AlZ2A, W Yses
S gANE R FopHHT]. oHH, WSl 54
LDLZ AU Atehz4lof ofsh Atehe=t] tiAIA|Z7}
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o] Atgtel XA t}eF MFste] AZEAN|EL(foam cell)Z
WPEcs]. ABALE BYHLEE Wulstol LDLY)

AR 09 £XIA7|1, AAZA Alo|E7[0lo] Bu|Q}
A= N5 S (recruitment) TS Z7HA]7]10 24
FWAste] XY FXISHHI). o]F% FWAHstSOl
A L Aol JeL ol FRob Bolstne &
%Qi OPEW olq

Rgsol eI 35 BUAEE S Wit an
7 94stol Al del olgHm rH10-11). 12
U, LDL SeAE|2Ret ohjel $94akE o Ysie =
WF sl 2USSHUEDL) E9292 528 50

o Wit BALGo] WS S10], 28HF, A,

U=, G 9 FAEE i1 Q Ur[lz 13]. ®
2t 2000 S¥tofl= ARPHECH QM) LDL Z2 2
HIE ot 2Pt o< Hold B ¥g a4 AAA/
=4 B 9Y(protein convertase subtilisin/kexin type
9.PCSK9) OIHIAPH 7fts]of ol 457 glovy, ZA} 29
HBxk(injection-site reaction), &5 =%, 77| 34,
5. B2 55 U2, 28 59 2180l ofie] ¢
datar Qlch14]. webA] o2idt RARE-S A|aste 4 9
Ao e 29) W2 9 Aok sl Basich

Ao obggat §aol 95slo] gol ) loprt
!

= (o] (o]

Hxkgo] A7| fj&o|tt. 1A ¥(Cudrania tricuspidata)
2 2URI) 43k Ug BE B8O, £2 Follo}
of Ao FxskL I jUtol A= K= ZEK|of A
NI ik PAIRE ozue &4, §aA olshig,
29, ey, 2uE, 349 B9 59 A2g 93 U
g ofx = de| o] &E|ojgt[15], o] Alge] e, £7],

Q
o, dof [ A2l=d 24 (phytochemical)2 4
t 59 gav5 YEpicty
f._ﬂre E5) =M} A]
EJEH JELKIB“—J }F*% Kﬂ |3t OLH21], o] Al

Zcell line)E 0] &3t jn vitro A3o] =5 o|F 1l )t}

HEZ= AE ofal AR 9olA A14AQ ekl 7k
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SIS WRAR A Ao, gxjEstEle] WaE S
92 7V 9 ol uiep aziolt o] ail Az
2olo] S42 glojeid 2 9] To] A% U 2

gtog JA|®o] L9 u47}o}ﬂ olsfist7]<l °P7ﬂ7} A
of. YA E(primary cell)= AoRRl= SE0lA &0}
of v E7E A Wiin vivo) 732t fARRE A=A

S AYAL =t in vitro A9 73L}0ﬂ tfst Al =

=0]7] SlsiMe BAMEE o] &5k
Z7t2 ool Basdo] k.

ojof & Aol FUAHe}0] = 229l ApoE &
MR Aé AF(ApoE knockout mice)2¥E E2]5h of
AN ZE ol g5t SHWF5A AR asa &
SHUAL sh=d], A2V AR 252 U] cofst Ajl2lg
UEhdicky iRl 15889  EefH-olE
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(flavonoids), 99%9] FAME(xanthones), 32%9] S7]AF
MBSO thyeg E3shL 9lof akol TPy £2 2o
2 A2 TR we 2522 2 A7) o]gsidct
(22]. & =22 2780A 2Ul-9] ¥ A7 52 AmE
2, Fold A7) ol £ 43 sluol dhf At
A5 ATk 4olAE A7) AY Aukg ARlst

T, 002 Fgol AR W

II. Related Works

HAEZ ol&st 7U-o] A ¢S AHEH, FAIE
= BOAJoto BaSto] 22 ey}, 4, oA
A7 5] o] FofR| AL T}, AT gaﬂ S O
gF AgolA TIRE A8 ofx ' ARgEo] Q47F, 19804
ZHF IR|®o] MEy}L 11X S BAMsH= o7} Ao
A AJAFE]QIEH 23], f-2]u2tofl A= 1990d ] RYHEE

A w5 ATSO UL WY 1 2SS UFAY
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1[15], F=0] <L 20000] SUHEE 1= ojojou
9\)]\':* ]:‘77}7(] E._I_E] H}Oﬂ J]O}D:] Jl:p_;(]gu_ ?%%S 11]
goD}‘ o:]OHODT' H]_lu._lxﬁ/\]7]_1,}— o} /\9‘}7]4 or 257]4 OJ
of el Y aTE Ueniao2] B W a3
o a. g 1271 Eik RS 9 o B3 9
Z a3 9He Wwe 5 ol g 388 &

= UrEHHO*Ur[MS 20, 24 25]. 3t PA|® 252 =
2}4 1 0] E(flavonoids), FAFE(xanthones), &z =2o|&
(alkaloids), 5714hl} 22 otgst Ae] 242 UEdl=
A0 FRIETHA, ol &S &2, ZAls 252
B7tske A7t o] oA AL ATH22]. T2y in vitroo]
A9] 71- A At giRfolBg o] Hshr] Qg
A7 70w LAsit e olg v olle &
A} p30|A ofsliE 4+ Sl <fR]etA w7y &0l ofA] 4
SE|A] 942 Zo] wot PX|EZ Ao 7igo] &E517] 9
sfiM= Zh Ad2e] A dejol et NESE

%77} Wit
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III. Methodology

1. Preparation of root bark extract of
Cudrania tricuspidata

2 Ao AR RAEURY] fels SRS 4
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HEE YerAoR QHY Huf(AoHiAR)S 55
FEtYCE AR MAYLe £2E22 2~38] A5k
A=z 2712 AAsE 9 20 g¥ 5451 lom FEg
A &b ARSI T, 400 mle] 70% of|ERZo] Hol 14]
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2. Animal study

ZoiAglo] =2 gullo] 8730 A7) ApoE OAX} 2
37 (ApoE knockout mice: Jackson)E AUl 2= 22
C, &% 50 + 10 %, B 12A]7H] x70] GA]%]
FeAolH Qxazie) Mg 712k AR & AR Al
lch. AlRet S84k A3t glol 3asid
1o ehftistuo] F=ddwa]Hdele] SA(IACUC
2020-0120)2 o} gfX oz AlgEQlo.
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3. Isolation and culture of peritoneal macrophage

BAGAIAES 3p7] o5 =uizste] =2 welo]
8%39] 271 ApoE AR A4 AF(ApoE knockout
mice)S AGSIGAT. AFTBI RS 2ol APle
phosphate buffered saline (PBS: Invitrogen) £°8-&
FArS] AlEg SASHH 1,500 rpme g 577t LA
Ha] 3 10% fetal bovine serum(FBS: Hyclone)at 1%
penicillin-streptomycin (Invitrogen)o] stor]
RPMI-1640 8jX](Invitrogen)of] $&:5191 1, trypan blue
solution (Invitrogen)© 2 HMSH S hemacytometerS
olgste] M=EE Lot CCK-8 A¥EE oliA]
96-well plateo] 1x10° cells/mlo] =T 2 HExsidn
RIO|E7IRI &R EA517] HaliAl 12-well plateo] 1><106
cells/mlo] =2 B350} AZS 37 °C, 5% CO: Q1
THlolEo widste 2A1RF Huk & H[RAD A=
(non-adherent cell)S A5t FAN|E(adherent
cell)Bt Ado] ARE-SIIT.

4. CCK-8 cell proliferation assay

Az MESS =] gE  ElES %
tetrazolium salts)2 O|EFE2]o} ARG A| EAL5}
shelotol o)

Wiste des BER

v &34 §4(dehydrogenase)’t

HFAH 2L A1 O 0

formazano|et= HA-EA]
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Cell Counting Kit-8 (CCK-8, Dojindo Molecular
ARESHRT.  BTAAIE] 100
ng/ml ¥= 500 ng/ml9] =% 2 lipopolysaccharides
(LPS)E Aejsto] 12AF vie¥et &, #A1ES 5=H(0,
25, 50, 100 pg/ml)2 &2|sto] 12417t ¢ vigsiict.
CCK8 &2 7 wellof] A7Fsto] 3A[ZE 5k 37 °C wjit
710014 ¥FSX]Z1 & 96 well microplate reader
(VERSAmaxTM, Madison)S o|85to] 450 nmoj|A] S-&
£2 27stoirt

Technologies)&

5. RNA isolation and qRT-PCR analysis
E30AA1 200 100 ng/ml E= 500 ng/mlo} FE2
LPSE A2jsto 12AKF vkt &, A1ES s=EH(0,
25, 50, 100 pg/ml)2 &2|sto] 12417t ¢ vigsiitt.
AlZo] total RNAZ Trizol A]eH5 PRIME)S o] &3}
Z&51911, 1.5 pg RNAZ B H ReverTra Ace qPCR RT
Master Mix (TOYOBO)E A}25to] ¢cDNAS $HAdstoict
gqRT-PCR EA4&  StepOnePlus Real-Time PCR
System (Applied Biosystems)2 0]83F SYBR Green
(KAPA Biosystems)H 0 = AlIS85IQIC} 2 Aol A=
primer A7]A A0 tigt ¥ = Table 10 Zg2|stict.

6. Statistical Analysis

RE Avt W7+ BEWAR Uehioln, PAI2 A
223} BRI E 710] Ajol7} b5 ulR AR w-g]EL] U
AX(two-tailed  non-parametric =~ Mann-Whitney
U-test)S ol8stol B7tEIglct, & 18710 Wgo] 89
4% 005 o5 1 EAR0R GOl Aoz 15el
C}. olgfst &AM EAmz 720l (GraphPad Instat
(GraphPad Software)2 AlE-5to] AA|5HITH

Table 1. Primer information used in this study

IV. Results

1. Experimental Procedures

ANz O] FEREE2 S et50] £7] Z1adof| Qlof
A Uj9 FReP AHgsted], B dpolME P a5
o it YAl HA|Eo] FWGet 52 LHRRE &
23t oalAZe] @5urgol DAl gake Fohum, &
mAekse] R|&A| Zigo] HA]Ee] #E 7Hs/dE ot
shuat st

© FFE E7] Aot AR A dAlE thaat

2tt (Fig. 1). WA RRGUTIA 71 5ol 4l
gefrl ez RE 0 oEEY] SFEUE olgsto]

F52S Uk SWsle] £7] WY o £EB0
258 Bl olH SW3et 52 el Aok §
AR A ARRRE 27 gAEg elsiof olgs
. o Almo| BEYHSS REol] I 1 A
2ol AlZ oold festol US4 K82 sk 2702
LPSE ol§3IHC). LPSE @RS Asio} 43 o)
29g RuSP Sf ¥5S KU LA rt
[26]. TR} 2

7o 01§ of 529 =4 ojrg ;] s

R

fo

& r

S48 UeA] etk 22 203 3, 95 Ko|27}
Qlo] WHHoFS (RT-PCRE o §3le] #4go 2K LPS
2 3 ANz JERtSol BR1E 2
2ue =elslch. B Age] o] Sme I3l
GraphPad Instat softwareS o] 8sto] &= H|24A Tl
-$1EY U @A oR Al

Gene Direction Sequence (5-3) temi‘)r;::tailrlzg("(:) Size (bp)

TNF-a Forward AGCCCACGTAGCAAACCACCAA 60 154
Reverse ACACCCATTCCCTTCACAGAGCAAT

IFN-y Forward CATAAGCGTCATTGAATCACAC 60 145
Reverse GACCACTCGGATGAGCTCATT

IL-1B Forward TGAAGTTGACGGACCCCAAA 58 101
Reverse TGATGTGCTGCTGCGAGATT

IL-6 Forward CTTCCATCCAGTTGCCTTCTTG 60 142
Reverse AATTAAGCCTCCGACTTGTGAAG

MCP-1 Forward GCAAGATGATCCCAATGAGTAG 60 271
Reverse GTAGTGGATGCATTAGCTTCAG

B-actin Forward ACGGCCAGGTCATCACTATTG 58 87
Reverse CACAGGATTCCATACCCAAGAAG
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Preparation of root bark extract
of Cudrania tricuspidata

U

Treatment of LPS and root bark extract of Cudrania tricuspidata
on peritoneal macrophages from ApoE knockout mice

@

CCK-8 cell proliferation
assay

U

gRT-PCR analysis of
inflammatory cytokines

U

[ Analysis by a two-tailed non-parametric Mann— }

Whitney (ftest using GraphPad Instat program

Fig. 1. Schematic diagram of the experimental design
used in the study.

2. Cytotoxicity of root bark extract of Cudrania
tricuspidata in macrophages from ApoE
knockout mice

Eu“ﬁﬁr 27| Rlegol|A AJE B
Asi7lol obd & Aol ARgSHLAL She AR B
o] 54 55 &t Al AES TS &
gelsty] Ysted CCK-8 assayg 4

@ﬁi 25, 50, 100, 200 pg/ml
1 HETS 2555 AYsH]

iy %‘%‘?_%ﬂ 70*301] The HA1EO 2atE vl
B7] YJaliA, Ao AM2jgt LPS+ F 7] &%=(100
ng/ml, 500 ng/ml)}E ©|-&sI3ict.

100 ng/ml LPSE o] &35t AltjA oz oF
2 RES & PAL wo) £E2L AUsiolS
/mlo] FEoflA Aol AEE0] Fo)d QA

, 100 pg/ml ©oJ5}0] w2 R|2]A|of= Ao
Ol iz fAlstol Al 5744 a7t gl 2
Aot (Fig. 2A). E3h 100 ng/ml LPSE ThAIA| 2o
oz A5t UHOHE tiAMze] AESC] tix
QAfelo] o] 9] LPSE AL 54 £al2 ERR] o
e AS st (Fig. 2A).

yojes gt d5vgs QEshl 9iM 500
ng/ml LPSE ARESIIE=H] o] &%2 LPSE tAA|Z
o] =02 Mejsle mf AlEe] YEgo] 20% HE 7
A81E Alg SRISIA, AE SHE etk 212 @

2~ 919ic} 500 ng/ml LPSZ A 2]gh A|ZojjA] St A
X RBES AE AR B 2558 100 ug/ml ola}
o] s=2 AP o 50| H= He RIS, &
5| 50 ng/mle] Fw=oA Nl AEE0] 7o A 57t
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3t3ct (Fig. 2B). 500 ng/ml LPSQt 200 pg/ml 14| %
ZEES A XN2J3iE of 500 ng/ml LPSE @502
Aet Joutt AE gEgol v dasiart (Fig.

2B). TlA] B oLojjA]= JLK|® wa] X&90] 07 ]
2] 5= 25, 50, 100 pg/ml=2 475t
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Cell viability
(% of control)
g
|

[
o
1

U -
C. tricuspidate(Ug/ml) 0 0 25 50 100 200
LPS (100 ng/ml) - + + + + +
(B) ok
120 4 * *
100 +

Cell viability
(% of control)
(=] [#2)
o o
1 |

N B
o o
1 1

0 .
C. tricuspidate(pg/ml) 0 0 25 50 100 200
LPS (500 ng/ml) - + + + + +

Fig. 2. Effect of root bark extract of Cudrania tricuspidata
on viability of peritoneal macrophages from ApoE knockout
mice. The cells were pretreated with (A) 100 ng/ml or (B)
500 ng/ml of LPS for 1h, followed stimulation with the
indicated concentrations of root bark extract of Cudrania
tricuspidata for 24h. Cell viability was measured by CCK8.
The results are presented as the mean * s.d. according
to the Mann-Whitney U-test; *P<0.05; »*FP<0.01.

3. Regulation of LPS-induced inflammation by
root bark extract of Cudrania tricuspidata in
macrophages from ApoE knockout mice
S} HY Ylol= F46] B2 95 Mzl
B o7l s 7] RlegollA thAAlE7}
ofejo 5/ Mol EIIRIS RH[sto] W2 BF Al
& Y(recruitment)s}’| GiZo|c}. THA]
Folt 7L WSS L T 4+ Qe 5
oItk ¥ ARolME AR wal £
52 welo] BOPN| R ZFEste] A5
anph Qx| 2RIskaAl, Apok SRR A& Azl
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£ 2 E 10 ~
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& i o

251° =9 6

g 17 £ 4

T | T

o 0.5 2 2
0 - 0 -

]
(5]
]
%
%
[y
o
|

Relative IL-1f mRNA
levels
o = !
[=] wul [ wl [\ ]
| 1 | 1 |
Relative IL-1 mRNA
levels
o %] -+ o [e2]

Relative IFN-y mRNA
levels
o = o)
o U1 = 1 N WU
Relative IFN-y mRNA
levels
o [ N w Y wun
1 1 1 |

Relative IL-6 mRNA
levels
o [

[e=] wu = (6] [y%]
Relative IL-6 mRNA
levels
(=] [3%] .-y [=)] co
| 1 Il 1 ]

[ %
kR ,7
2 - ‘ — 12 _ ES Hok
g wk ok % 10 4
E 15 [
£ : £ g |
L2 ° 4y
] | Lo ]
=5 ' £5°
.g _g 4 -
® 0.5 1 B
o g 2
0 A 04
C. tricuspidate(ug/ml) 0 0 25 50 100 C. tricuspidate(ug/ml) 0 0 25 50 100
LPS (100 ng/ml) - + + + + LPS (500 ng/ml) - + + + +

Fig. 3. Effect of root bark extract of Cudrania tricuspidata on LPS—induced inflammation in peritoneal macrophages

from ApoE knockout mice. The cells were pretreated with (A) 100 ng/ml or (B) 500 ng/ml of LPS for 1h, followed

stimulation with the indicated concentrations of root bark extract of Cudrania tricuspidata for 12h. The mRNA levels

of MCP-1, IL-1B, IFN-y, IL-6, TNF—a were determined by gRT-PCR analysis. The results are presented as the mean
t s.d. according to the Mann-Whitney U-test; *P<0.05; **P<0.01; »*P<0.001.
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7o ¥R} U Qo2 W7ol Aeg FTMIIE
MCP-1[27], Mol EZQI 35 74 & Qe 70*34% &

2 Oi7HAIQY IL-1B[28], thAMI 2} T HEs 2
A d52 5EA7]= IFN-yF TNF-a[29], ZHoflA A4l
A A% 8F2-EA19] C-reactive protein(CRP)Q] A1A-S
SAsk Yol FAu HeS FAshe 16 olct
[30]. 100 ng/ml LPSE X|2jsto] AftfAog oFt d=
U2 7=t 492t 500 ng/ml LPSE Af2]sto] Ay
o e YFWSS GEU B9 F 71K 2NN
TR W) 22%0] o5 AxA MolErllo] WS
7<7<4 }_;(]E qRT—PCR‘ﬂ*i g}o]o}oﬂq 1 7:17 . =
A1 REo|A LPS 2] & AF5 so]E7IRI9] o] &
ftgont, wAg e 2522 Aejslge U 1w
o] o QP Zasts 21g ALt (Fig. 3).

V. Discussion

So73sl50] x| 2A) Jo] A|4a)A o] Folx] 1 9
26l g¥e SuAsse) Ala 9 A Asto] oy
o &4o] © Alzyolct. 197640l e uulAEk
(mevastatin)S Al&tO.2 3o} JR|IIA] B2 AEH AlF
o] oFgo] YT AFFEIS QP BN 945t o
2 QIgur oot ABE 2 HMG-CoA e 45 Ao}
o] 22AE|29] F44< RISk TN Tto] LDL 48]
2R BN 85 LDL Z2ladEel 2 Folt &)
2 UERiRRE 295, BEE, 4s) B 5o RAlgn
ubistc}, AEFE] mo)ZSo] 9l g}x}q AE}E] guinto g

LDL ZH2EE 527t S A0 =Z6HK] Zohe A}
v &9 ZYU2HE S5 dAlske dAEDIE
(ezetimibe)l} &% LDL ZYAHE =& U= PCSKI
AAAIE ABFR} B85 ARESHAL QITH31]. o]eF Z
A s oldle  FESAYN FRTIRY
(canakinumab) & HEEA|0] E( methotrexate)’} =
MAsE Ag s Hall o] &EaL = FEolH31].

W2 WP KIEKW H‘ﬂeﬂ‘ii%oﬂi A AAR S

2 os] sMEs50] REES =l o] 2 Q5 EAY &
+ A Algto] ot *} JE= 0% =7 UEhdar 9l
o1, 2. 22ioz FWPEEe] WAy 1A A4E Eet

Nz Xla mAo) whzo] WQsty, Wy aut&ol R|&
MFe TpLsp] 93 B w2o] Wasith HAL
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